Overproduction of auxin in transgenic plants also results in the overproduction of ethylene. Plants overproducing both auxin and ethylene display inhibition of stem elongation and growth, increased apical dominance, and leaf epinasty. To determine the relative roles of auxin and ethylene in these processes, transgenic tobacco and Arabidopsis plants expressing the auxin-overproducing tryptophan monooxygenase transgene were crossed to plants expressing an ethylene synthesis-inhibiting 1-aminocyclopropane-1-carboxylate deaminase transgene. Tobacco and Arabidopsis plants with elevated auxin and normal levels of ethylene were obtained by this strategy. Transgenic auxin-overproducing Arabidopsis plants were also crossed with the ethylene-insensitive einl and ein2 mutants. Analysis of these plants indicates that apical dominance and leaf epinasty are primarily controlled by auxin rather than ethylene. However, ethylene is partially responsible for the inhibition of stem elongation observed in auxin-overproducing tobacco. Finally, these data show that auxin overproduction can be effectively uncoupled from ethylene overproduction in transgenic plants to enable direct manipulation of plant morphology for agronomic and horticultural purposes.
INTRODUCTION
Plant growth and development can be profoundly altered by both auxins and ethylene, two endogenously produced plant hormones (Davies, 1987) . In transgenic plants expressing the tryptophan monooxygenase or iaaM protein of Agrobacterium, elevated auxin levels are typically associated with increased apical dominance, decreased internode elongation, and excessive leaf curling or epinasty Sitbon et al., 1992) . However, because auxin stimulates the production of ethylene (McKeon and Yang, 1987) , it is often unclear if the effects elicited by auxin are due to auxin alone, ethylene alone, or synergistic interactions of both. Because as little as 1 ppm of atmospheric ethylene can induce leaf epinasty, a causative role of ethylene in these processes is clearly possible (Palmer, 1985) . Consequently, the relative roles of auxin and ethylene in critical developmental processes such as apical dominance, stem elongation, and leaf development have not been resolved (Goodwin, 1978; Palmer, 1985; Cline, 1991) .
The classic approach to understanding auxidethylene interactions has entailed application of hormones and hormone inhibitors (Goodwin, 1978) . Differences in uptake and transport, uncertainties associated with the specificity of inhibitors, as well as the difficulty of maintaining constant hormone or inhibitor levels throughout plant development limit the utility of such experiments. Genetic approaches, although clearly more interpretable, are limited by the absence of well-characterized mutants that overproduce auxin or underproduce ethylene. However, analyses of ethylene-insensitive mutants indicate that reductions in ethylene responsiveness have little To whom correspondence should be addressed. effect on plant growth (Bleecker et al., 1988; Guzmán and Ecker, To effectively uncouple auxin overproduction from ethylene overproduction during all stages of plant development, we have crossed transgenic plants that overproduce both auxin and ethylene with transgenic plants that inhibit ethylene biosynthesis. Ethylene biosynthesis is inhibited by expression of a bacterial 1-aminocyclopropane-1-carboxylate (ACC) deaminase that reduces levels of ACC, an essential biosynthetic precursor of ethylene . This strategy has led to production of plants that overproduce auxin yet synthesize normal levels of ethylene. In Arabidopsis, we have also crossed plants that overproduce both auxin and ethylene with two nonallelic ethylene-insensitive mutants (Bleecker et al., 1988; Guzmán and Ecker, 1990) . These nove1 experimental strategies circumvent the uncertainties associated with the exogenous application of hormones and inhibitors. In this study, the phenotypic effects of uncoupling auxin and ethylene overproduction on apical dominance, stem elongation, and leaf epinasty are examined and evaluated. 1990).
RES U LTS

Analysis of Free lndoleacetic Acid Levels in Transgenic Arabidopsis
Overexpression of tryptophan monooxygenase via a fusion of the Agrobacterium iaaM gene to the nontissue-specific , cauliflower mosaic virus (CaMv) 19s promoter results in elevated levels of the naturally occurring auxin indole-3-acetic acid (IAA) in transgenic petunia and tobacco plants Romano et al., 1991) . Auxin levels in 19s-iaaM (i.e., the CaMV 19s promoter fusion to the iaaM gene) tobacco are increased by 10-fold relative to wild-type controls (Romano et al., 1991) . We have also introduced the 19s-iaaM transgene into Arabidopsis to study the effects of auxin overproduction in a genetically tractable species (C. I? Romano and H. J. Klee, manuscript in preparation). The free IAA content of whole rosettes of wild type and a representative 19s-iaaM transgenic Arabidopsis line was determined via gas chromatographymass spectrometry-selected ion monitoring (GC-MS-SIM) analysis (see Methods; Chen et al., 1988) . Free IAA levels in Arabidopsis line 19s-iaaM-l (independently derived transgenic lines of a given construct are identified by a number such as 19s-iaaM-1) are increased by an average of fourfold relative to wild-type plants, as shown in Table 1 . The increase in free IAAobserved in Arabidopsis line 19s-iaaM-1 is lower than was observed in tobacco and petunia transformed with the same vector Romano et al., 1991) . These values represent an average of the IAA content of the aboveground portion of the plant at the rosette stage of development; the actual IAA content of specific tissues or of the same tissues at a different stage of development may be quite different from this value. Nonetheless, these data clearly indicate that the 19s-iaaM transgene substantially increases the free IAA content of the transgenic Arabidopsis plants.
Uncoupling Auxin and Ethylene Overproduction with the ACC Deaminase
Ethylene production is also elevated in the auxin-overproducing transgenic plants. Ethylene synthesis rates are typically threeto fourfold higher in fully expanded leaves of both tobacco lines 19s-iaaM-1 and 19s-iaaM-2 at maturity, as shown in Table 2 . However, expanding leaves of the same 19s-iaaM lines typically produce approximately sixfold higher levels of ethylene in juvenile plants (data not shown). Transgenic plants with wildtype auxin levels, such as the pMON673 B-glucuronidase (GUS) line used as a control, have wild-type levels of ethylene production (Medford et al., 1991; Romano et al., 1991) . Ethylene overproduction is thus specifically associated with auxin overproduction and is not a result of Agrobacterium transformation. Tobacco plants transformed with the auxin-inactivating IAA-lysine synthetase gene also produce ethylene at wild-type rates, indicating that ethylene production is not decreased by lowering auxin levels (C. P. Romano, unpublished data; Romano et al., 1991) . Arabidopsis plants that overproduce auxin also produce m2.5-to 4-fold higher levels of ethylene relative to controls, as shown in Table 2 . These data are consistent with the well-characterized auxin-mediated induction of ACC synthase, an essential enzyme in ethylene biosynthesis (Yang and Hoffman, 1984; Sato and Theologis, 1989; Yip et al., 1992) .
To inhibit ethylene production in all regions of the plant, transgenic tobacco and Arabidopsis lines expressing high levels of ACC deaminase from constitutive vira1 promoters were obtained. lndependent transgenic tobacco lines expressing high levels of ACC deaminase (i.e., up to 0.5% of the extractable protein) from both the figwort mosaic virus (FMV) 35s and the duplicated or enhanced CaMV 35s (eCaMV) promoters were identified by protein gel blot analysis (Kay et al., 1987; Richins et al., 1987; Klee et al., 1991) . These constructs are identified herein as FMV-ACCase and eCaMV-ACCase (fusions of the FMV 35s and enhanced CaMV 35s promoters to the ACC deaminase gene). Plants that express high levels of the GUS reporter gene in virtually all cell types have been obtained with both FMV and eCaMV promoter fusions (Sanger et al., 1990; H. J. Klee, unpublished data) . ACC deaminase-expressing tobacco plants display 50% reductions in ethylene production relative to controls (Table 2) . Glyphosate-resistant Arabidopsis lines transformed with the FMV-ACCase construct pMON10125 were screened directly for reductions in basal See also data in Figure 38 . ethylene production by gas chromatography and flame ionization detection (GC-FID), as described in Methods. Three independent FMV-ACCase Arabidopsis lines that reduced ethylene production by 75 to 90% relative to wild-type plants were identified and all were shown to express the linked eCaMV-GUS marker. Two independent 19S-/aa/W tobacco lines were crossed to two independent FMNMCCase lines and to two independent eCaMV-X\CCase lines. Arabidopsis line 19S-/aa/W-1 was crossed to all three independent FMV-/ACCase lines.
Ethylene production in both auxin overproducing Arabidopsis and tobacco plants was reduced to wild-type levels or lower by the FMV-ACCase gene (Table 2) . ACC deaminase activity is responsible for the observed reductions in auxin-induced ethylene because ethylene production is not reduced in control outcrosses of the 19S-/aaM transgene to transgenic plants lacking ACC deaminase such as the pMON673 GUS-expressing line (tobacco 19S-;'aaM in Table 2 ).
Auxin Overproduction Alone Yields Increased Apical Dominance
Because a causal role of ethylene in suppression of lateral bud growth has been proposed (Burg and Burg, 1968; Russell and Thimann, 1988) , we examined the outgrowth of lateral buds in plants that uncouple auxin and ethylene overproduction. In tobacco, pronounced apical dominance occurs in both 19S-;'aa/W(high auxin and ethylene) and 19S-/aa/W x FMV-ACCase (high auxin only) plants, as shown numerically in Table 3 and visually in Figure 1 . In contrast, extensive lateral bud outgrowth occurs in both wild-type and FMV-ACCase plants. The degree of lateral bud inhibition in the 19S-/aa/W transformed tobacco plants is indistinguishable from that of the 19S-/aa/W x FMVACCase tobacco as are the levels of lateral bud outgrowth in wild-type and FMV-ACCase-transformed tobacco plants. Ethylene thus does not appear to be responsible for inhibiting axillary bud outgrowth in either auxin-overproducing or wildtype tobacco.
Apical dominance was also unaffected by uncoupling auxin and ethylene overproduction in Arabidopsis plants. Inhibition of both the number and extent of secondary inflorescences emerging from the rosette is one of the most obvious manifestations of apical dominance in Arabidopsis. Apical dominance is equally pronounced in 19S-/aaMand 19S-/aaM/FMVvACCase Arabidopsis, as shown visually in Figure 2A and numerically in Table 3 , indicating that high auxin levels alone can yield this phenotype. Secondary inflorescence fresh weights of 19S-/aa/W and 19S-/aa/W/FMV-X\CCase plants were reduced relative to both the wild-type and FM\MCCase plants and were statistically indistinguishable (P = 0.17). As in tobacco, there is no evidence of reduced apical dominance in the FMV-ACCasetransformed Arabidopsis plants relative to wild-type controls, as measured by secondary inflorescence fresh weight (P = 0.19).
Auxin and ethylene effects were also uncoupled in Arabidopsis by combining the 19S-/aa/W transgene with either the dominant ein1-1 or recessive e'm2-1 ethylene-insensitive mutations (Bleecker et al., 1988; Guzman and Ecker, 1990 ). Both ein1-1 and e/>?2-7 mutants are defective in their ability to respond to exogenously supplied ethylene (Bleecker et al., 1988; Guzman and Ecker, 1990) . Neither the ein1-1 nor the ein2-1 mutations could relieve the severe apical dominance imposed by the 19S-/aaM auxin-overproducing transgene (ein2-1 shown in Figure 2B ). These genetic experiments thus provide independent experimental evidence that apical dominance is due to auxin rather than ethylene. That auxin rather than ethylene controls secondary inflorescence outgrowth is also supported by the fact that eir>1-1 and ein2-1 Arabidopsis plants display FMV-ACCase !9S-iaaM, !9S-iaaM FMV-ACCase the same degree of apical dominance as wild-type plants (Cline, 1991) .
Auxin Overproduction Alone Can Cause Leaf Epinasty
Epinastic or curled growth of leaves is also known to result from exposure to ethylene (Palmer, 1985) . Transgenic petunia and Arabidopsis plants that overproduce both auxin and ethylene also display severe leaf epinasty . In auxin-overproducing petunia plants, leaf epinasty is caused by excessive expansion of the adaxial cells of the leaf relative to the abaxial cells. Such uneven cell expansion could result from either excess auxin or ethylene. However, leaf epinasty is as severe in 19S-/aaM/FMV-ACCase Arabidopsis plants with low ethylene production as it is in the 19S-/aa/W plants with high ethylene production, as shown in Figure 3B . Furthermore, neither the ein1-1 (data not shown) nor the ein2-1 ( Figure 3A ) ethylene-insensitive mutation relieves the leaf epinasty caused by the 19S-/'aaM transgene. It thus appears that auxin alone is responsible for the severe leaf epinasty characteristic of the 19S-/aaM Arabidopsis plants.
Stature Reductions in Auxin-Overproducing Tobacco Are Partially Mediated by Ethylene
Tobacco plants that overproduce both auxin and ethylene consistently display stature reductions (Figure 1 ; Sitbon et al., 1992) . In the 19S-/aaM lines examined here, this reduction is due to inhibition of internode elongation because the number of nodes is not affected (data not shown). Data in Table 4 show that the stature of 19S-/'aa/W plants is inhibited by 30%, whereas the stature of the 19S-/aa/W/FM\MCCase plants is inhibited by only 15%. An independent experiment also found that 19S-/aa/W-mediated stature inhibition was reduced from 37 to 13% by the eCaMV-ACCase gene (Table 4 , experiment 2). These results indicate that increased ethylene or the combination of both increased auxin and ethylene result in the inhibition of internode elongation in tobacco stems.
DISCUSSION
We have effectively disassociated auxin overproduction from ethylene overproduction in intact plants via a combination of molecular and classic genetic approaches. In contrast to earlier
The by ACC deaminase expression in both tobacco and Arabidopsis. Given that the structurally and functionally similar eCaMV and FMV 35S promoters are expressed more highly in certain tissues than in others and can display variable patterns in distinct lines (Richins et al., 1987; Benfey and Chua, 1989; Sanger et al., 1990 ; H. J. Klee, unpublished data), it is possible that ethylene may still be overproduced in certain regions of the auxin-overproducing plants expressing ACC deaminase from these promoters. Our analyses of multiple FMV-GUS and eCaMV-GUS lines indicate that most lines show at least some expression in all tissues and that strong expression in any given tissue (i.e., phloem) can usually be found in at least one line. Consequently, variability in FMV-and eCaMV-driven ACC deaminase expression is offset by combining the auxinoverproducing transgene with several independent ACC deaminase-expressing lines, as we have done.
The relative levels of the CaMV 19S promoter activity in different tissues have not been characterized by GUS reporter gene fusions. The CaMV 19S promoter, although less active than the CaMV 35S promoter, is thought to be constitutive because it drives expression of (5-conglycinin and chloroamphenicolacetyltransferase reporter genes in a wide variety of tissue types (Lawton et al., 1987; Marris et al., 1988) . Because IAA is readily transported, the levels of IAA in 19S-/aa/W plants are likely to be increased even in regions with lower levels of tryptophan monooxygenase. The fact that phenotypic alterations are evident in leaves, stems, and roots of 19S-/aa/W plants indicates that IAA levels are significantly increased throughout these plants .
It is also possible that increased ethylene sensitivity in the auxin-overproducing or ethylene biosynthesis-inhibiting plants could yield misleading results. However, etiolated FMVvACCase and wild-type Arabidopsis seedlings display indistinguishable dose-response curves to exogenous ethylene in triple response assays (see Methods), indicating that the ethylene biosynthesis-inhibiting transgene does not alter ethylene sensitivity (M. B. Lanahan and H. J. Klee, unpublished data) .
Auxin-overproducing Arabidopsis plants are also as sensitive as wild-type controls in triple response assays where seedlings are grown on media with ACC. Finally, combining the auxin-overproducing transgene with both the ein7-7 and ein2-7 Arabidopsis mutations that render the plants insensitive to ethylene yields the same result as combining the auxinoverproducing gene with the ethylene biosynthesis-inhibiting transgene.
These studies demonstrate that increased apical dominance in auxin-overproducing tobacco and Arabidopsis plants is an effect of auxin alone rather than an effect of associated ethylene. Experiments involving the exogenous application of auxin and ethylene inhibitors yield conflicting results on the relative roles of auxin and auxin-induced ethylene in the control of a p ical dominance (Cline, 1991) . However, transgene-mediated uncoupling of auxin and ethylene overproduction in petunia, a system where earlier experiments implicate ethylene in control of lateral bud outgrowth (Burg and Burg, 1968) , confirms that auxin overproduction alone can yield enhanced apical dominance (C. I? Romano and H. J. Klee, unpublished observations) . Taken together, observations of intact plants with transgene-mediated auxin deficiencies (Romano et al., 1991) and ethylene deficiencies along with studies of mutants insensitive to auxin (Lincoln et al., 1990) or ethylene (Bleecker et al., 1988; Guzmán and Ecker, 1990) indicate that apical dominance is controlled by auxin-to-cytokinin ratios rather than by auxin-induced ethylene in tobacco, petunia, and Arabidopsis.
Elevated auxin levels alone are also responsible for the severe leaf epinasty observed in auxin-overproducing Arabidopsis. The observed auxin-induced epinasty is due to differential expansion of the adaxial and abaxial surfaces of the leaf during the growth phase, resulting in the downward curvature of the leaf lamina . This disruption of the normal pattern of cell expansion is somewhat different from other forms of epinasty, such as the downward curvature of wild-type tomato petioles, which are clearly due to ethylene alone (Amrhein and Schneebeck, 1980; Ursin and Bradford, 1989) . The observation that ethylene alone can induce leaf epinasty in Arabidopsis and many other plants is not inconsistent with the results presented here; exogenous exposure to even low levels of ethylene could induce endogenous synthesis levels that are far greater than those induced in the auxin-overproducing transgenic plants. lndependent studies have also implicated auxin rather than associated ethylene as the critical factor in some forms of petiole and leaf epinasty (Reid et al., 1981; Furutani et al., 1987; Kazemi and Kefford, 1989) . It is thus evident that epinasty of different organs in different species can be caused by either auxin or ethylene.
lnhibition of stem elongation in intact plants by ethylene alone and inhibition of elongation in excised stem segments by ethylene induced by supraoptimal auxin levels are well-established phenomena (Goodwin, 1978) . Ethylene is also used commercially to reduce stature (Abeles et al., 1992) . In this study, we found that ethylene is in part responsible for the inhibition of stem elongation that occurs in tobacco plants that overproduce both auxin and ethylene. Although elevated auxin alone may inhibit stem elongation, undetected overproduction of ethylene in a small but critical subset of cells in the 19s-iaaMl FMV-ACCase plants cannot be ruled out. In contrast to tobacco stem elongation, elongation of Arabidopsis hypocotyls in the light is stimulated by auxin overproduction and is unaffected by uncoupling auxin overproduction from ethylene overproduction (C. i? Romano and H. J. Klee, unpublished data). The relative roles of auxin and ethylene in cell elongation thus differ in distinct developmental contexts.
Uncoupling auxin overproduction from the associated overproduction of ethylene may hold significant horticultural value. This technology enables engineering of plants with the desirable characteristics of auxin overproduction, such as increased apical dominance, while eliminating undesirable characteristics, such as reduced stature. Combining the auxin-overproducing and ethylene biosynthesisLinhibiting transgenes in woody plants to increase apical dominance while maintaining stature could be most interesting and potentially useful. A variety of other phytohormone interactions should also prove amenable to analysis and manipulation by the pairwise combination of transgenes.
METHODS
Plasmid Descriptions and Constructions
Construction of pMON518 (19s-iaaM), a plant transformation vector containing a kanamycin resistance marker for plant transformation as well as the tryptophan monooxygenase gene under control of the cauliflower mosaic virus (CaMV) 19s promoter, has been described previously . Plasmid pMON11030 (FMV-ACCase) is a plant transformation vector consisting of a bacterial l-aminocyclopropane-lcarboxylate (ACC) deaminase gene under the control of a figwort mosaic virus (FMV) 35s promoter (Richins et al., 1987; Sanger et al., 1990) and aSenolpyruvylshikimate3phosphosphate synthase gene conferring glyphosate resistance (Barry et al., 1992) . The ACC deaminase gene was also expressed in transgenic tobacco under the control of a duplicated CaMV35S promoter (eCaMV-ACCase) in a previously described plant transformation vector (Kay et al., 1987; Klee et al., 1991) . Plasmid pMON10125 contains a CaMV 35s-p-glucuronidase (GUS) gene that can be scored (Jefferson et al., 1987) in addition to the FMV-ACCase and the glyphosate resistance marker of pMON11030. Plasmid pMON673, a plant transformation vector used here as a wild-type control, contains a kanamycin resistance marker and a fusion of the meristem-specific meri-5 promoter to the GUS gene (Medford et al., 1991) .
Tobacco and Arabidopsis Strains and Agrobacterium-Mediated Transformation
All T-DNA vectors were mobilized into Agrobacterium tumefaciens via triparental conjugation using the pRK2013 helper plasmid (Ditta et al., 1980) . The 19s-iaaM construct pMON518 was transferred into Agrobacterium containing pTITS-SE, a disarmed nopaline-type Ti plasmid (Rogers et al., 1987) . AI1 other T-DNA vectors described here (pMON673, pMON10125, and pMON11030) were transferred into the C58 Agrobacterium strain containing the disarmed pTiC58 plasmid pMP9ORK (Koncz and Schell, 1986) .
Nicotiana tabacum cv Samsun was transformed via the leaf disc protocol (Horsch et al., 1985) byselecting for either kanamycin orglyphck sate resistance (Barry et al., 1992) . Transformed progeny were identified by germinating seed on standard Murashige-Skoog (MS; Murashige and Skoog, 1962 ) media (Gibco Laboratories, Grand Island, NY) containing 100 pglmL kanamycin or 25 pM glyphosate. Independently derived lines of a given construct are identified by number after the construct name (i.e., 19s-iaaM-I). Tobacco plants containing both the FMV-dCCase and 19S-iaaM inserts (19s-iaaMIFMV-dCCase plants) were obtained by direct selection of Fi progeny of crosses for kanamycin and glyphosate resistance; 19S-iaaMleCaMV-ACCase plants were obtained by crossing plants homozygous for both inserts. Control tobacco plants heterozygous for a single 19s-iaaM insert were obtained by crossing pollen from plants homozygous for that insert to plants homozygous for the pMON673 insert; the same pMON673 line was used as a wildtype control.
Arabidopsis fhaliana ecotype RLD roots were transformed via a modification of the Valvekens et al. (1992) procedure in which carbenicillin at 500 pglmL was substituted for vancomycin. Transformed shoots were selected either for resistance to kanamycin at 100 pglmL or glyphosate at 250 pM; transformed progeny were identified by germinating seed on standard MS media containing 50 pglmL kanamycin or 100 pM glyphosate. Progeny of crosses containing both the 19s-iaaM and FMV-ACCase genes were identified either by direct selection for both kanamycin and glyphosate resistance or by screening for both the 19s-iaaM-conferred hypocotyl elongation phenotype and the FMVACCase-linked GUS activity. Control plants that were heterozygous for the 19s-iaaM insert were obtained by crossing 19s-iaaM pollen to wild-type Arabidopsis.
Quantitation of lndoleacetic Acid Levels
Free indole-3-acetic acid (IAA) levels were quantitated via a modification of the W6-IAA stable isotope dilution technique (Cohen et al., 1986; Chen et al., 1988) . IAAwasextracted and purified bysolid phase ion exchange chromotography and HPLC prior to esterification by either diazomethane or (trimethylsi1yl)diazomethane (Aldrich). All mass spectra were obtained on a Finnigan 4500 GC/MS operated in the selected ion monitoring/chemical ionization (+) mode (SIM/CI). The molecular ion at m h 190 derived from the IAA methyl ester (IAA-OMe) and at m/z 196 derived from the 13C6-IAA methyl ester (13C6-IAA-OMe) were monitored with isobutane CI(+): ions at m h 130,190 (from IAA-OMe) and at mlz 136,196 (from 13C6-IAA-OMe) were monitored with methane CI(+) (Rivier, 1986) . The ratio of the 190-to-196 ion abundance was used to calculate the amount of IAA in the sample via the standard isotope dilution equation. Average relative response factors used in quantitation were obtained by analysis of solutions containing fixed amounts of '3Cs-IAA interna1 standard and varying amounts of IAA. The '%&A standard was obtained from Cambridge lsotope Laboratories (Woburn, MA).
Crossing of 19s-iaaM Arabidopsis to einld and ein2-1
Pollen from 19s-iaaM flowers of the RLD ecotype was transferred to the stigmas of Columbia ecotype ein7-7 or ein2-7 homozygotes (Guzmln and Ecker, 1990) . Pollen from wild-type RLD flowers was also crossed into wild-type Columbia plants to obtain relevant control plants. All F1 progeny from crosses to the dominant einl-7 mutant were heterozygous for that mutation as their progeny (F2) segregated at the expected ethylene insensitive-to-sensitive ratio of 3:l. Ethylene sensitivity was assayed by the absence of a triple response (i.e., apical hook formation and shortening and swelling of the hypocotyl) in etiolated seedlings plated on MS media at 100 pM ACC or at various concentrations of gaseous ethylene (GuzmBn and Ecker, 1990) . The presence or absence of the 19s-iaaM transgene, although phenotypically obvious, was scored by assaying for kanamycin resistance. Kanamycin-resistant Fi progeny from 19s-iaaM x ein2-7 crosses were selfed to obtain F; ! plants homozygous for the ein2-7 mutation (as identified by the absence of a triple response in the presence of ACC) and heterozygous for the 19s-iaaM transgene (as assayed by kanamycin resistance or the obvious phenotype).
Measurement of Ethylene Production
Tobacco leaves taken from six to eight nodes below the apex at 8 to 9 days postanthesis or whole, prebolting 4-week-old Arabidopsis plants were assayed for ethylene production via gas chromatography and flame ionization detection (GC-FID) essentially as described by Klee et ai. (1991) .
Plant Growth Conditions
Tobacco plants were grown either in a greenhouse as described by Romano et al. (1991) or in a growth chamber operating under an 18-hr photoperiod at 120 pE cm+ se& with daily watering and biweekly fertilization (Peters Pete-Lite Special at 500 ppm nitrogen; Peters Fertilizer Products, WR Grace, Fogelsville, PA) by subirrigation. Arabidopsis plants were grown in an incubator (Percival Manufacturing Company, Boone, IA) under constant illumination at 40 pE cm-2 sec-' with daily watering and fertilization at 2-week intervals.
Plant Growth Measurements
Apical dominance in tobacco was measured by harvesting and weighing axillary buds at 8 to 9 days postanthesis in five to eight plants of each genotype. Tobacco stature (height) was measured at maturity in four to six plants of each genotype. Apical dominance in Arabidopsis plants was measured by weighing secondary inflorescences harvested 17 to 18 days after emergence of the primary inflorescence from the rosette in 6 to 11 plants of each genotype.
